A new analytical method, based on organic solvent extraction with dichloromethane-acetone (75 + 25, v/v) followed by gas chromatography with mass spectrometric detection, is presented for the determination of residues of 10 fungicides in white grapes for vinification. Some of them (cyprodinil, fludioxonil, and pyrimethanil) have been used for only 2-3 years and, therefore, no methods are available in the scientific literature for such a screening. Quality parameters yielded good precision (relative standard deviation of <10%) and detection limits (ranging between 1 and 18 mg/kg) that are lower than the maximum residue limits (MRLs) set by the 76/895/European Economic Community (EEC) and 90/642/EEC Directives. The applicability of the method was evaluated by analysis of 5 different white grapes produced in the Rías Baixas area in Galicia (northwestern Spain) for vinification. The method showed good performance in analyses of real samples to determine whether the concentrations of the fungicides used exceeded their MRLs. The method of standard additions was found to be necessary to avoid matrix effects in the quantification of fungicide residues. Results showed that concentrations of the fungicides identified in grapes were lower than the MRLs established by the European legislation.
T he 10 fungicides determined by the method presented in this paper, cyprodinil, dichlofluanid, folpet, fludioxonil, metalaxyl, penconazole, pyrimethanil, procymidone, tebuconazole, and vinclozolin, are widely used in the treatment of diseases of grapes for vinification such as grey mold (Botrytis cinerea), powdery mildew (Uncicula necator), and downy mildew (Plasmopara viticola; [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] .
Although the correct use of fungicides does not cause problems of public concern in health and environmental areas, if inappropiate abusive treatments are applied without respect for safety recommendations, undesirable residues can remain on grapes after harvest. These fungicide residues can pass from grape to must and, later, to wine (5, 6, 8, (11) (12) (13) (14) (15) (16) , with the resulting risk to consumers' health and a decrease in the quality of the wine because of the production of off-flavors (17) . The widespread consumer concern about fungicide use and the consequent residues in food has led to increasingly strict regulation of fungicide use on grapes. The 76/895/European Economic Community (EEC) and 90/642/EEC European Directives (18, 19) and their subsequent modifications have established maximum residue limits (MRLs) for practically all fungicides tested in this study for viniferous grapes except for cyprodinil, fludioxonil, and folpet; for these 3 fungicides, we considered the MRLs established by the Spanish legislation in RD 280/1994 (20) and later modifications. It is important to ensure that fungicide residues in grapes for vinification do not surpass the established MRLs.
Studies have been published on the determination of some fungicides at residue levels in grapes, must, and wine. Analytical methods for determining fungicide residues include solid-liquid extraction (SLE) with organic solvents such as acetone (3, 7) , acetonitrile (21) (22) (23) , benzene (1), dichloromethane (24) , ethyl acetate (2, 25, 26) , hexane (1, 4, 9, 27) , acetone-dichloromethane (2, 28, 29) , acetone-hexane (11, 30) , acetone-petroleum ether (5), or ethyl acetate-xylene (25) . Some researchers also considered the use of solid-phase extraction (SPE) as a further purification process (4, 7, 16, 24, 30, 31) . The methods published for screening for fungicides in grapes are those easily automated such as those based on SLE and further solid-phase purification of the extracts followed by chromatographic separation.
Gas chromatography (GC) and liquid chromatography (LC) techniques are the most suitable to identify and quantify fungicide residues after extraction from grapes, must, and wines. In particular, GC is useful for the determination of volatile and thermally stable fungicides. Mass spectrometric detection (MSD) was usually used to confirm the results found by electron capture detection (ECD) and/or nitrogen-phosphorus detection (NPD; 2, 9, 11, 13, 14, 24, 26, 27) ; currently, MSD is also used as a primary screening tool (5, 13, 14, 32, 33) .
Because the main aim of this work was to develop a multiresidue method for the determination of the 10 fungicides listed above, the developed method is very valu-able for screening purposes. Some of them (cyprodinil, fludioxonil, and pyrimethanil) have been used for only 2-3 years; therefore, no methods are available in the scientific literature for such screening. The proposed method is based on an organic SLE followed by GC-MSD. Quality parameters of the method and matrix effects were evaluated by analyzing spiked uncontaminated white grapes grown for wine production. Finally, samples of white grapes produced in the Rías Baixas area (Galicia, northwestern Spain) were analyzed to assess the performance of the method with real samples and to screen for the presence of the fungicides. (o) Filter membrane.-Final organic extracts were filtered through a 25 mm nylon filter membrane (0.22 mm) from Tracer (Barcelona, Spain) and placed in 150 mL glass inserts in 2 mL vials from Supelco before the chromatographic analysis.
Experimental

Stock Standard Solutions
A stock standard solution (ca 1000 mg/L) of each fungicide was prepared in methanol by weighing ca 0.025 g analyte into a 25 mL volumetric flask and diluting to volume. An intermediate mixed standard solution was prepared by diluting the stock standard solutions with ethyl acetate to give a concentration of ca 100 mg/L for each fungicide. Stock and intermediate standard solutions of the internal standard, lindane, were pre- pared in the same way. All of these standard solutions were stored in the dark at 4°C. The stock solutions were stable for ³4 months, whereas the intermediate solutions were freshly prepared every 2 months. The method of standard additions was shown to be necessary to avoid matrix effects in the quantitation of the fungicide residues.
White Grape Sampling
Uncontaminated white grapes used for developing and validating the proposed method were purchased at local markets in Ourense, Spain. Samples were analyzed unwashed, in the raw state.
To assess the performance of the method with real samples and to screen for the presence of these fungicides, white grape samples produced in 5 different vineyards in different districts of the Rías Baixas area (Galicia, northwestern Spain) were collected. In these vineyards, fungicides were applied by using air-blast sprayers and following the recommendations of the manufacturers. Grapes were collected at harvest in September 2001, and were stored in small portions at -18°C until analysis.
Extraction and Purification
White grape samples were placed in a Moulinex Universal food cutter and chopped for 3 min. A 60 g portion of the homogenized chopped grapes was weighed in a 250 mL polypropylene carbonate container. Lindane (24 mL of a 100 mg/L ethyl acetate solution), which was chosen as the internal standard because its use is forbidden in Spanish grape crops and it does not normally appear in such samples, was added to the sample. Then 100 mL dichloromethane-acetone (75 + 25, v/v) and 45 g anhydrous sodium sulfate were added. The mixture was vigorously shaken for 5 min and then centrifuged for an additional 15 min at 10 000 rpm.
A 20 mL aliquot of the organic extract was transferred to a 50 mL round-bottom flask and evaporated at 40°C to dryness on the rotary evaporator. The residue obtained was dissolved in 1.5 mL acetonitrile, and the contents of the flask were homogenized by Vortex agitation, transferred to a 2 mL vial, and evaporated to dryness under a gentle stream of nitrogen. The residue was finally redissolved in 500 mL ethyl acetate, and the contents of the vial were homogenized by Vortex agitation and filtered through a 25 mm nylon filter before the chromatographic analysis. The method concentration factor was 24.
GC-MSD System and Operating Conditions
A Fisons (Rodano, Italy) GC 8000 series gas chromatograph equipped with an MD 800 mass selective detector was used for GC analysis. Chromatographic separations were performed by using a DB-17 (30 m´0.25 mm id, 0.5 mm film thickness) fused-silica capillary column from J&W Scientific (Folsom, CA). The oven temperature was programmed as follows: 100°C for 5 min, increased at 10°C/min to 200°C and held for 5 min, and increased again at 10°C/min to 278°C and held for 25 min. A split/splitless injector was used in the splitless mode (5 min). The carrier gas was helium with a column head pressure of 100 kPa. The injector temperature was 240°C, and transfer line temperature was 280°C.
MSD was performed in the single-ion monitoring (SIM) mode, after a solvent delay time of 15 min; the ion energy used for electron impact (EI) was 70 eV; the ions (m/z) selected for the quantitation of each fungicide and the internal standard are shown in Table 1 . The identity of the fungicides in commercial white grapes was confirmed by direct comparison of the full mass spectral scans of the reference sample and the standard recorded under the same analytical conditions.
Results and Discussion
Optimization of the Analytical Method
A DB-17 (30 m´0.25 mm id, 0.50 mm film thickness, 50% phenylmethylpolysiloxane) fused-silica capillary column demonstrated adequate composition and film thickness to produce a good separation of all the fungicides and consistently symmetrical peaks under the experimental conditions described. To increase the detection capability of MSD, the SIM mode was selected because it allows increased peak response by concentrating efforts on ions specific to the compounds under investigation. After full mass spectral scans of all the fungicides were recorded, the selected ions (m/z) in Table 1 were Table 1. used for quantitation. The number of ions selected was dependent on the mass spectra of the fungicides. The intention was to select the most abundant ions of higher m/z, which are more characteristic. When it was possible to select >1 ion, the identities of the peaks could be confirmed through rations of their respective abundances. The identities of the fungicides in the white grape samples analyzed were confirmed by using the 35-400 m/z full-scan mode to compare full mass spectral scans for samples with those for reference standards analyzed under the same experimental conditions. Sample treatment is based on a method published by Rial Otero et al. (34) , which was developed to simultaneously determine 14 fungicides in white grapes by liquid-liquid extraction-solid-phase extraction/liquid chromatography-diode array detection (LLE-SPE/LC-DAD). In order to guarantee that an SPE cleanup step was not really necessary, uncontaminated grapes, chopped and homogenized, were spiked at 0.2 mg/kg with the 10 fungicides listed here. After equilibration for 10 min before extraction, they were processed according to the procedures described. Different equilibration times (10 and 30 min and 24 h) before extraction were compared in the previously published paper (34) , and no significant differences in recoveries were found. Triplicate analyses were performed for each experimental procedure. Quantitative absolute recoveries are reported in Table 1 . Recoveries were estimated by comparison of fungicide peak areas relative to that of lindane for spiked grape samples and standard solutions. Recoveries ranging from 75 to 100% were obtained for both techniques, SLE and SLE-SPE, and all target compounds. The lower recoveries (70-80%) for some fungicides can be explained by incomplete extraction from the sample matrix or its degradation during the extraction process. Figure 1 shows the chromatograms obtained in the SIM mode for an uncontaminated grape sample (top) and for a grape sample spiked at 0.2 mg/kg (bottom); this level is the lowest MRL for the fungicides studied (MRLs range from 0.2 mg/kg for penconazole to 10 mg/kg for folpet and dichlofluanid). Data for peak identification is shown in Table 1 . Lower detection limits can be attained because the final ethyl acetate extract contains no interfering components.
Characterization of the Analytical Method
Quality parameters such as repeatability, linearity, limit of detection (LOD), and limit of quantitation (LOQ) were calculated by analyzing uncontaminated white grape samples, previously fortified with the fungicides listed in Table 1 . All values obtained are summarized in Table 2 . The short-and long-term repeatabilities of the method were assessed by analyzing, respectively, 3 spiked replicate samples of uncontaminated grapes in the same day (n = 3) and a total of 3 spiked replicate samples of uncontaminated grapes a day for 2 days in different weeks (n = 6). All samples were spiked at levels of approximately 0.2 mg/kg for each fungicide. The relative standard deviations (RSDs) were <5 and <10%, for the shortand long-term repeatabilities, respectively (Table 2) . These values show the good precision of the proposed multiresidue method. Calibration lines for the fungicides were prepared by plotting area relative to that of the internal standard (lindane) versus analyte concentration for a total of 8 spiked uncontaminated grape samples. Analysis of an unspiked grape sample did not give any response at the retention times of the fungicides studied. The linear range and determination coefficient (r 2 ) corresponding to each fungicide are shown in Table 2 . LODs and LOQs were determined by following the recommendations of the American Chemical Society (35) . The experimentally tested quantitation limits were at least 100 times lower than the MRLs established by European legislation, ex- a Repeatability = short-term repeatability; n = 3. b Reproducibility = long-term repeatability; n = 6. c n = 8.
cept for penconazole, which had an LOQ that was 10 times lower than its MRL.
Assessment of Matrix Effects
Several kinds of white grapes (A, used during method development; B; and C) purchased at different local markets were examined to study the matrix effect. It was initially confirmed that all grape samples were not contaminated with the fungicides under study. Grape samples, chopped and homogenized, were spiked at 0.2 mg/kg and treated according to the experimental procedure described. Each white grape sample was analyzed in triplicate. The calibration line for each fungicide was used for quantitation with lindane as the internal standard. The relationships between the concentrations in the B and C grapes and the concetration in the reference grapes (A) are reported in Table 3 .
Significant differences were found between the concentrations determined in the B and C grape samples with respect to the concentrations determined in the A grape sample. Moreover, the measured concentrations in the B and C grape samples are very different. Matrix effects were also detected by other researchers (14, 28, 30) . These detected matrix effects could be a result of the different origins of the grape samples. Thus, the method of standard additions is necessary for quantifying fungicide residues to avoid matrix effects; it was applied as follows: grape samples were directly analyzed twice and subsequently analyzed after 2 additions of fungicides in a mix standard at levels of 0.2 and 0.4 mg/kg. The 4-point calibration equation was calculated in order to estimate the fungicide concentrations in grape samples according to the method of Miller and Miller (36) . The method of standard additions, with a line obtained by subjecting fortified grapes together with the original grapes to the complete sample treatment and analysis, also allows correction for the 75% absolute recoveries of certain fungicides. Consequently, relative recoveries were about 100% because all grape samples were processed in the same way and the absolute recoveries could be considered to remain constant (short-term repeatabilities are <5%). 
Analysis of White Grape Samples from Rías Baixas
Galician white grapes from the Rías Baixas certifications, designated in English as "psr" (produced in specified regions or V.C.P.R.D. in Spanish, Vinos de Calidad Producidos en Regiones Determinadas, according to ref. 37) were sampled and analyzed. The method of standard additions was used for quantitation. As reported in Table 4 , all the Rías Baixas grape samples except one contained residues of 3 or 4 of the fungicides used in the treatment of grey mold (pyrimethanil, cyprodinil, fludioxonil, and procymidone). Treatment against grey mold is always performed 3 weeks before harvest. The proposed method is therefore of considerable value for screening grapes for their residues. Metalaxyl, which is instead used in the treatment of downy mildew along the vineyard growing cycle, was also detected in one of the samples.
Concentrations determined in all grape samples are lower than the MRLs established by European and Spanish legislation (18) (19) (20) . These results could be explained by the use of adequate doses and the correct timing of the safety intervals (defined as the time elapsed between last application and harvest). Results obtained are the same order of magnitude as those found by other researchers (8, 9, 38) . The following concentrations and their decay rates over 21 days after treatment were determined for cyprodinil, from 5.54 to 1.08 mg/kg (8); fludioxonil, from 1.86 to 1.20 mg/kg (8); penconazole, from 0.08 to 0.02 mg/kg (8); pyrimethanil, from 1.62 to 1.19 mg/kg (8); and fenhexamid, from 2.05 to 0.8 mg/kg (9) . García-Cazorla and Xirau-Vayreda (38) determined procymidone in grapes at levels of 0.61 mg/kg.
Conclusions
The proposed multiresidue method is suitable for the determination of 10 fungicides in white grape samples. Some of the fungicides (cyprodinil, fludioxonil, and pyrimethanil) have been used only for 2-3 years and, therefore, no methods are available in the scientific literature for such screening. The use of dichloromethane-acetone (75 + 25, v/v) as the extraction solvent allows quantitation. The method has good linearity, precision, and accuracy, and is highly sensitive. Quantitation required the use of standard additions to avoid matrix effects. Application of the method to white grapes of the Rías Baixas area (Galicia, northwestern Spain) confirmed that the levels determined in all grape samples analyzed are lower than the MRLs established by European and Spanish legislations.
